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Abstract
There is evidence that one of the most important approaches to improving the healthy
ageing of older adults is for them to carry out daily physical activity. However,
motivation to engage in physical activity is often low in old age. This study investigated
the potential of engaging older adults in playful exercise to increase physical activity
and balance. A randomised control trial (RCT) was performed with 26 independently
living older adults (initially 38, but 12 were lost to illness or death during the course of
the project), mean age 83.54 (SD: 7.12), 19 women. Participants were randomly
allocated to intervention (n = 16) or control (n = 12) (originally 19 in each group).
The intervention consisted of playful exercise on Moto tiles 6 * 2 min twice a week
over 10 weeks, while control group participants engaged in normal daily activities.
The intervention group participants improved functional balance (Berg’s Balance
Score) by an average of 5.02 points, and the control group by 2.58 points (p = 0.11).
No between-group difference was observed in physical activities outside exercise
sessions (p = 0.82). The difference in gain of balance as measured by BBS was below
statistical significance, as a result of the sample size being too small. However, trial
results suggest that older pre-frail and frail adults who engage in a moderate playful
exercise programme over at least 10 weeks may potentially experience a modest gain in
balance. Moreover, the playful exercise created a joyous social atmosphere among the
participants who spontaneously remarked that the play sessions were much more fun
than their standard light exercise programme of one hour twice a week. This motiva-
tional outcome is important for adherence to any exercise programme and indeed for
general well-being.
Keywords Gaming . Physical activity . Functional ability . Playful exercise . Behaviour
change . Postural control
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Introduction
According to the World Health Organization’s report (2009), one area of increas-
ing focus in health is the demographic development and the increasing life
expectancy of older adults. The proportion of adults aged 65 or above was
estimated at around 521 million in 2011 and this number will grow by 939 million
by 2030 (United Nations, 2015) The increased life expectancy imposes age-related
challenges, which affect daily life activities and normal functioning. This can
cause inactivity and place old people at an increased risk of a variety of chronic
diseases and disorders (World Health Organization 2015). These challenges also
impose a heavy burden on society in terms of social welfare, healthcare need and
the high cost associated with these challenges (Merom et al. 2012). Age-related
impairment leads to deterioration of various parameters of physiological aspects
important for balance, such as vision, vestibular and proprioceptive senses, and
muscle strength. In addition, fall accidents are considered to be one of the most
commonplace problems associated with getting older (Pua et al. 2017; Franceschi
et al. 2018).
Prior studies suggest that exercise can increase muscle strength, balance, activity of
daily living function and walking speed (Yardley et al. 2006; Janssen and LeBlanc
2010; Gillespie et al. 2012; Lee et al. 2012).
Especially for old people, physical activity can help maintain a high functional
capacity, (i.e., the ability to cope with everyday life). For example, exercise
interventions among older adults can reduce falls (Sherrington et al. 2011; Gillespie
et al. 2012; Guirguis-Blake et al. 2018). Physical activity can prevent the develop-
ment of lifestyle diseases (e.g., type 2 diabetes and cardiovascular disease) (Reiner
et al. 2013; Peek et al. 2016; Daskalopoulou et al. 2017). It can simultaneously
reduce symptoms and be included in the treatment of many serious diseases (Blair
and Brodney 2018). Finally, physical activity contributes to good mental health,
including enhanced self-confidence and joy of life, better social well-being and
more energy (Newson and Kemps 2006; Yates et al. 2008; Bauman et al. 2016).
In addition, important dimensions of physical activity include muscle strength and
balance training, which also have a major role in health promotion and disease
prevention in older adults (Garber et al. 2011).
The physical activity covers all forms of movement that increase energy consump-
tion (e.g., from sports and exercise, to everyday activities such as gardening, cycling,
taking the stairs or walking the dog (Titze and Marti 1997)).
Despite documentation of the physical and psychological benefits derived from
physical activity, studies also conclude that older adults lack the motivation to get
regularly physical active (Phillips et al. 2004; Schutzer and Graves 2004). Therefore,
effective strategies to prevent loss of muscle strength, and maintain balance in older
adults are needed.
In the present Randomised Controlled Trial we aim to add to the underexplored
field of playful exercise for health research by examining how and to what extent
playful exercise may empower older adults’ functional and physical ability. Hence,
we examine to what extent playful physical exercise during a 12-week period
improves physical and functional abilities and to what extent it is accompanied
by changes in physical activities outside exercise sessions.
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Function Ability
Balance is a central function in most activities of daily living (ADL) (Kalron and
Achiron 2013). The reduced balance increases the risk of falling (Pua et al. 2017). As
age increases, gradual deterioration of various sensory systems contributes to a worse
postural control (Kalron and Achiron 2013).
The balance problems can occur when only one of the different parameters in
postural control is weakened because the systems function in a mutual interaction
(Pollock et al. 2000; Laughton et al. 2003). In 2010, the World Health Organiza-
tion released a report with recommendations for preventing falls and thus fractures
and other injuries among old people (World Health Organization 2010). The report
indicates that preventive measures are an important element in eliminating the
problem of fall accidents as they can slow down the number of hospitalisations
related to fall accidents, which are otherwise expected to increase, by 2040, due to
the increasing number of people aged above 65 (Daskalopoulou et al. 2017).
In addition, prior studies show a positive association between physical activity and
healthy ageing (Schutzer and Graves 2004; World Health Organization 2010; Sun et al.
2013; Bauman et al. 2016; Daskalopoulou et al. 2017).
It is also documented that through targeted intervention, a significant reduction
in the risk of falls for this group of elderly people can be achieved (Howe et al.
2007; Tak et al. 2013). This intervention, for example, may consist of medicine
optimisation, and physical exercise such as balance strength and walking training
(Bauman et al. 2016). Many studies have shown that appropriate exercise can
modify and significantly delay the primary risk factors for falls, including poor
balance and muscle weakness in old people (Schreiber et al. 1999; Tárraga et al.
2006; Padala et al. 2012; Bauman et al. 2016; Dietlein et al. 2018). They also
showed improvement in cognitive and physical function when playing serious
games (Larsen et al. 2013). Furthermore, balance training is considered to be one
of the most important factors in reducing falls among older adults (Sherrington
et al. 2008; Jessen and Lund 2017). In addition, a growing number of studies
show that gaming has positive impact on physical functions (Duque et al. 2013;
Cho and Lee 2014).
Playful Exercise
Gamification refers to playful experiences that aim to motivate individuals in
performing certain tasks by making them feel in control and aware of their
abilities (Jessen 2016). Gamification is mostly used for behaviour change pur-
poses (Cugelman 2013; Larsen et al. 2013; Edwards et al. 2016; Johnson et al.
2016; Fleming et al. 2017), not least for older adults to become more physically
active (Barden et al. 2013; Larsen et al. 2013; Sailer et al. 2014; Boot et al. 2016;
Skjæret et al. 2016; Skjæret-Maroni et al. 2016; Kappen et al. 2018). Previous
studies show that gamification of exercise engages participants and may lead to
behavioural change in the short term (Larsen et al. 2013; Jessen and Jessen 2014;
Edwards et al. 2016; Skjæret-Maroni et al. 2016; Lee et al. 2018). But it is well
known that the motivation to engage in such physical activity becomes reduced
when people get older whether it is playful or not. Still, playful activity
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programmes for older adults may have beneficial effects: reported results include
improvement in well-being and balance, and lead to social and emotional benefits,
(e.g., social interaction, increased self-esteem, positive emotions) (McLaughlin
et al. 2012; Larsen et al. 2013; Boot et al. 2016; Edwards et al. 2016; Kaufman
et al. 2016; Dietlein et al. 2018).
Methods
The study design was based on the CONSORT guideline (Chan et al. 2014) and
was planned as an RCT with blinded assessment of end points. The intervention
group engaged in 12 min of playful exercise (spread over one hour in 2-min mini-
sessions) twice weekly over a planned duration of 12 weeks. The training protocol
included a combination of games that train both static and dynamic postural
control as well as agility, reaction time, and for most older adults, endurance.
Participants in both groups engaged in their normal physical and social activities
including twice-weekly joint meals and social activity and one hour’s light
exercise (mobility training while sitting in chairs). Daily physical activity of both
intervention and control group participants was recorded by activity trackers
(SENS motion sensors – cf. Figure 1). The device used is a triaxle accelerometer
capturing raw triaxle acceleration (±4 g) at 12.5 Hz. The collected data are
wirelessly transferred to a secure cloud server via Bluetooth and can be accessed
via a web interface.
The tracker was attached to the leg above the knee with a plaster, changed once a
week with assistance from a student. Participants were measured on Berg Balance
Score (BBS), 30 Second Chair Stand Test (CST) and 6 Minute Walk Test (6MWT) at
the beginning (baseline) of the study, midway, and at the end. After completing the
baseline measurements and signing the informed consent, participants were assigned to
two groups by block randomisation (Efird 2011).
Fig. 1 SENS motion activity tracker
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Randomisation
For randomisation, an Excel sheet was prepared with the 38 participants’
pseudonymised ID-codes, age, gender, and BBS scores. Using Excel’s random
function repeatedly, the 38 participants were randomly assigned to two groups
(intervention and control) calculating for each repetition the group mean age, no.
of steps and BBS score and gender distribution. The first repetition of randomised
allocation that satisfied the following criterion was chosen: difference of group
means less than <2 years of age, less than 2 points of BBS, and 4 or more males in
each group.
Participants
The participants were recruited from two activity centres for the elderly in Lyngby-
Taarbæk municipality and inclusion criteria were: age 65 or above, living independent-
ly at home and being able to walk independently and maintain a standing position
either alone or with the use of a cane or rollator. Participants signed an informed
consent form approved by the Ethics Committee of the technical university of Denmark
(DTU DOC 18/00981).
Sample Size
A sample size calculation was made from literature guidance on (BBS) and results
of a previous 12-week feasibility trial with a cohort of elderly 7 participants
(March–June 2017; unpublished). The feasibility study showed, as it subsequently
became apparent, an untypically high average BBS gain of 11.2 points. The
sample size calculation indicated that 2 groups of 20 would be required to detect
a BBS gain of at least 5.0 points, using a power estimate of 80% and a signifi-
cance threshold of 0.05.
Materials and Balance Training Programme
The study used the Moto tiles (www.Moto-tiles.com) as the playful training tool.
A Moto tiles set consists of a number of tiles (typically 10) that connect to each
other to form a surface. Each tile contains a microprocessor, a battery, IR
communication, an FSR sensor, and 8 coloured LEDs in a circle. The FSR
sensor can sense a step or a hit on a tile, and the LEDs will shine in different
coloured patterns. The tiles communicate with a tablet via Bluetooth. Games are
set up via the tablet allowing for selection of any among a variety of different
games that challenge the players in ways suitable to their abilities. The Moto tiles
are designed to stimulate physical activity level for all ages and train Moto
abilities after injuries (Lund 2009; Lund and Marti 2009), and previous studies
have reported positive effects on the balance of elderly users (Lund and Jessen
2014; Jessen and Lund 2017). Elderly users typically exercise one by one or in
pairs on the tiles during repeated brief game sessions (2 min), playing interactive
games that challenge their dynamic and static balance, agility, endurance, and
sensor-Moto reaction.
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The 12-week intervention plan engaged each participant in a training group of 5
elderly users. Each group met at their training centre twice weekly for their 1-h
session. Each session was led by two training assistants (students) who managed
the individual sessions and supported the elderly in the rare case that they might
need physical assistance (Fig. 2). The training protocol included a combination of
games that train both static and dynamic postural control. The planned 12-week
trial period was divided into two equal periods of 6 weeks, divided by a 3-week
break for Easter holidays. The original plan was to train participants in a training
group of 5 elderly people each session, but small adjustments were made from
time to time. If participants were prevented from attending their scheduled training
session, they were offered a replacement session, sometimes on the same day
when they could join the previous or the following team, the session then being
extended by 12 min (cf. Fig. 2). Participants in both groups engaged in their
normal physical and social activities including their meeting twice weekly at the
municipal activity centre for joint meals and social activity and one hour’s light
exercise (mobility training while sitting in chairs).
Control Group
Assistants meet with each control group participant once a week for 5–10 min in order
to: (a) encourage their continued participation, and (b) check whether activity trackers
were functioning and to exchange the plaster holding the tracker.
Fig. 2 Training session with Moto tiles (SENS patch encircled in red)
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Primary Outcome
The primary outcome was balance as measured by BBS. This test is widely used to
measure functional balance of old people or others (Rikli and Jones 1999, 2001, 2013;
Li 2010). BBS consists of 14 individual tests that reflect movements in everyday life. In
each test, the participant receives a score from 0 to 4 depending on their performance.
The BBS scores are interpreted as 45–56 = low fall risk, 21–40 =medium fall risk, 0–
20 = high fall risk and < 36 fall risk close to 100% (Guccione et al. 2012) BBS is widely
considered the gold standard for measuring the balance of older users (Langley and
Mackintosh 2007).
Secondary Outcomes
The study had three secondary outcomes: CST, 6MWT and physical activity outside of
training:
The CST is used to measure the aerobic capacity of the lower body (Rikli and Jones
(2013)). The test is performed in the following steps by instructing the participant: 1. Sit in
the middle of the chair. 2. Place your hands on the opposite shoulder crossed at the wrists. 3.
Keep your feet flat on the floor. 4. Keep your back straight, and keep your arms against your
chest. 5. On “Go”, rise to a full standing position, then sit back down again.
6. Repeat this for 30 s. The number of times the patient comes to a full standing
position in 30 s is then counted. If the patient is over halfway to a standing position
when 30 s have elapsed, it is counted as a stand.
The 6MWT is used to measure aerobic capacity and endurance (Sherwood et al.
2016). The test is performed in these steps: A 20-m course is set up on a hard and level
surface. The participants are asked to walk around the course for 6 min. The tester
records how many metres are walked. If the participant needs a break this is allowed,
while the time keeps going.
Daily physical activity was recorded by SENS motion-sensors 24/7 during the trial
period for both intervention and control group participants. Outcome measure was
mean number of steps per day.
BBS, CST and 6MWT tests were conducted under the supervision of a certified
physiotherapist and three student assistants, all blinded to group allocation.
Ethics
During recruitment, written and oral information about the study was given to all
participants and their relatives. Interested participants were informed that they have the
right to withdraw from the trial at any time. Performance data were recorded in a
pseudonymous form. All data were collected, transferred and stored in accordance with
GDPR guidelines. The study is approved by the Regional Ethics Committee (Center for
Regional Udvikling Region Hovedstaden: H-19018499).
Statistical Analysis
Data were initially examined for normality violations, outliers, errors and missing
values. Missing post-trial values were replaced by mid-test values (Telenius et al.
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2015). A two-sample t-test was performed to test between group differences
between the pre- and post-trial tests. A P value < .05 was considered statistically
significant. All statistical analyses were performed with SAS JMP (v.9.4) and
Microsoft Excel (2016).
Results
As shown in Fig. 3, out of 52 possible participants, 38 persons (73%) met the
inclusion criteria and agreed to participate. Two participants (4%) have been
excluded, not meeting the inclusion criteria, and 12 people (23%) dropped out
at the very beginning of the trial. During the 12-week study period, 10 out of 38
(26%) dropped out and 2 (5%) passed away, thus we ended up with data from 26
participants (14 (54%) in the intervention and 12 persons (46%) in the control
group) at the end of the trial. The 12 participants who withdrew after
randomisation were excluded from the statistical analyses. Final analysis included
data from 26 participants (19 females, 7 males; mean age, (S.D) = 83.54 (7.12)
years. All participants skipped one or several sessions due to temporary illness or
other obligations. Out of the total of 24 sessions participation median was 20,
mean was 18.92 (SD 2.37; max. 23; min. 14) and an attendance rate of 79%. The
duration of the exercise is therefore reported for the group as 10 weeks of exercise
exposure.
BBS
Table 1 shows the score on BBS tests at baseline and at the 12-week post-trial. The
intervention group increased their score on average by 5.0 points, the control by 2.1
points. The difference between BBS baseline and BBS post-trial for each individual
participant in the intervention group ranged from −2 to 11.
CTS
The intervention group experienced a decrease in the number of chair stands by 1.00 on
average and the control group a decrease of 1.33. The difference was not significance
(p = 0.96).
6MWT
The intervention group increased their mean 6MWT by 18.5 (SD: 72.2) metres from
baseline to post-trial test. The control group increased their 6MWT by 11.0 (SD: 45.7)
metres. The difference between the groups was not significant (p = 0.75).
Physical Activity
The control group walked on average 718.53 more daily steps per week (mean =
4859.8; SD = 356.61) than the intervention group (mean = 4140.5; SD = 418.08), cf.
Figure 4. The group difference was not significant (p = 0.869; t-test).
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Discussion
This assessor blinded, parallel group, RCT aimed to investigate the effects of a playful
exercise intervention with Moto tiles on functional ability and daily physical activity.
The study was not sufficiently powered to reveal between-group differences. The mean
BBS score of both the control group and the intervention group increased during the
12-week intervention period, but while the observed increments were different between
the groups, they did not achieve statistical significance (p = 0.11). We have made a
post-test power analysis with 80% power, alpha 0.05, and with assumptions of a mean
difference between intervention and control of 3 points and a pooled SD of 5. This
post-test power analysis shows that it would require 45 participants in each group. Still,
the randomisation, allocation, assessments and the intervention were found to be
applicable and future large-scale RCTs should include sufficient participants to clarify
Completed study (n=12)
- Lost to follow-up (illness, frailty 
death: n=7)
Assessed for eligibility 
(n=38)
Excluded (n=12)
- Not meeng inclusion criteria 
(n=2)
Analysed (n=14)
Completed intervenon (n=14)
- Lost to follow-up (illness, frailty, 
death: n=5)
Intervenon group (n=19) Control group (n=19)
Analysed (n=12)
Allocation
Analysis
Follow-Up
Randomised (n=38)
Enrolment
Screened prior to 
eligibility assessment 
(n=52)
Screened
Fig. 3 - Flow chart of the study
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the effects of the Moto tiles. Moreover, trial results suggest that older pre-frail and frail
adults who engage in a moderate playful exercise programme over at least 10 weeks are
likely to experience a modest gain in balance.
As the BBS has been found to be with good internal consistency, reliability and good
interrater reliability in community-dwelling older adults (Wang et al. 2006; Marques
et al. 2016), the measurement properties should have the strength to find clinically
relevant differences in such a trial. Furthermore, the BBS has been found to be a valid
instrument and is recommended for clinical practice (Marques et al. 2016). Future
studies should aim to have sufficient power to investigate clinical relevant differences
on the BBS scale which has been reported to be 5 points for a range 35–44 (Donoghue
et al. 2009). In this study, the relatively small number (n = 14) of participants in the
intervention group increased their BBS score by 5 points, which suggests that the
intervention period could possibly benefit from being longer in duration or more
intense (minutes of playful exercise per week).
Similar conclusions can be drawn from the findings on the CST, the 6MWT and the
daily physical activity. No between-group differences were found. As the study was not
powered for such an investigation, the null-hypothesis cannot be confirmed and future
investigations could reveal relevant clinical differences on the abovementioned
outcomes.
Previous investigations have found large and promising effects from a Moto tiles
intervention (Lund and Jessen 2013; Jessen and Lund 2014; Lund and Jessen 2014).
However, we have not been able to replicate these findings, our results indicating
modest, non-significant, improvements of balance outcomes. The difference between
2000
3000
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1 2 3 4 5 6 7 8 9 10 11 12
St
ep
s
Weeks
Intervenon Control
Fig. 4 Weekly mean number of daily steps per group
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the results of our study and previous studies might be explained by a difference in
participant characteristics affecting the results. Nonetheless, the participant populations
were relatively similar in regard to age and functioning. In Lund and Jessen 2013 and
Jessen and Lund 2014 the Dynamic Gait Index was used. Future studies should
investigate if previous findings (Lund and Jessen 2013; Jessen and Lund 2014)
occurred by chance or if Moto tile exercise indeed has a large effect on the balance
of older adults.
It was noticeable that the playful exercise created a joyous social atmosphere among
the participants and they remarked spontaneously that the playful sessions were much
more fun than their standard light “chair training”. This motivational outcome is
important for adherence to any exercise programme – and indeed for general well-
being.
Limitations
This RCT comes with several limitations. First of all, this study was originally
designed as a normal superiority RCT, powered to investigate the effects of the
Moto tiles intervention. After completing the study in the available time, it was
not possible to include sufficient participants and no final conclusion can be made
upon the study effects or lack thereof. Studies that fail to reach the pre-specified
sample size will be prone to type II errors (failing to reject the null-hypothesis
when it should be rejected) but most importantly, the confidence intervals of the
effect sizes and thus the mean estimates are wide and comes with a high degree of
uncertainty. The conclusion should instead be focused on applicability and adher-
ence to the intervention.
Secondly, and probably most relevant, we did not measure the participants’ quality
of life, motivation or self-efficacy for exercise. In hindsight, instruments such as the
Short Form 36 could have produced useful valid information on the quality of life
effects of the intervention (Walters et al. 2001). Similarly, instruments such as the self-
efficacy for exercise questionnaire could have been included to clarify the motivation
and self-efficacy for exercise and physical activity (Resnick and Jenkins 2000). In
summary, to provide the most useful results on the feasibility of the intervention,
adherence and motivation for participation should be investigated using specific
instruments.
Conclusion
This study investigated an innovative playful exercise intervention with Moto
tiles in a population of older adults. The randomisation process, allocation of
participants, 24/7 tracking of physical activity over many weeks, outcome as-
sessments and adherence of both intervention and control participants were found
to be applicable. Future large-scale RCTs should include sufficient participants to
clarify the effects of the Moto tiles and whether the intervention provides a
clinically relevant effect on the functional abilities of older adults. Furthermore,
future studies should use specific instruments to investigate the effects on quality
H. Ehrari et al.
of life, motivation and self-efficacy for exercise and physical activity in older
adults.
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